Effect of temperature on E-Iminium population in presence of DPU (1 equivalent).
Possible reasons for the shift of the H1 signal of endo-oxazolidinone at 300 K in presence of DPU, shown above (S4), were discussed in detail in the manuscript. Decrease in temperature enhanced E-iminium ion population causing continued downfield shift for H1 of endo-oxazolidinone peak. For Z-iminium ion and exo-oxazolidinone quantitative data regarding exchange rates and thermal population were obtained directly from CEST (see manuscript). Unlike the Z-iminium ion, it is not possible to analyze the kinetic and thermodynamics by CEST due to the fast exchange (k ≥ Δν) between E-iminium ion and endo-oxazolidinone. At 300 K, the EXSY measurements (data shown below) showed similar exchange rates for interconversion between exo↔endo, indicating equivalent thermal stability for E-and Z-iminium ion. The CEST measurement showed that Z-iminium ion is located +8.1 kJ/mol above the exo-oxazolidinone at 250 K, and is expected to be even higher at room temperature. Due to the similar thermal stability of E/Z-iminium, the E-iminium ion is located at least +6.1 kJ/mol above the endo-oxazolidinone (considering the G300 of 2.0 kJ/mol between exo and endo). This means, the population effect of iminium species at 300 K is negligible.
The decrease of temperature results a continuous shift for the endo peak, which allows us to extract the population of Eiminium ion. However, the downfield due to the C1-O bond polarization must be discounted for all measurements at all temperature. The obtained relative population plots are shown below.
S 8: Plot of [E-iminium]/[endo-oxazolidinone] population dependency on temperature (A); Variation of difference in free energy between endo-oxazolidinone and E-iminium structure with temperature, the -S suggest more ordered structure for E-iminium:DPU than endo-oxazolidinone:DPU (B).
Upon decreasing temperature to 250 K, the energy gap diminishes, and the interconversion process enters towards slow exchange regime (broadening of signals). Furthermore, the plot GE/endo vs. temperature yields a negative S (-139 J/(mol K)), which implicates a more ordered state of E-iminium relative to endo-oxazolidinone in presence of DPU. This is rather surprising because it is usually assumed that the oxazolidinone is more rigid than the iminium. The more ordered state at Eiminium side would mean that DPU associates stronger with the zwitterionic species than the neutral oxazolidinone. S 10: 1D selective EXSY build-up curve for endo→exo exchange. The dashed line represents the initial slope, which is used for rate approximation.
S8

1D 1 H EXSY studies to obtain rate constants and free energy barriers at 300 K
S 11: 1D selective EXSY build-up curve for exo→enamine exchange. The dashed line represents the initial slope, which is used for rate approximation.
endo-oxazolidinone → enamine
Due to near frequency separation between H1 of endo and enamine, the quantitative EXSY data was not possible. In endo/exo-oxazolidinone to enamine conversion, the rate determining step is conversion from E/Z-iminium to enamine. At 300 K, the thermal stability of E and Z are similar, assuming similar free energy barrier for both E-iminium to enamine and Z-iminium to enamine. The derived endo-oxazolidinone to enamine free energy barrier is 78.6 kJ/mol.
1 H CEST pulse sequence S 12: CEST pulse sequence
Graphical representation of applied CEST pulse sequence consists of initial continuous saturation pulse, followed by a 90 0 pulse. In all our experiments the saturation is applied for 0.75 s with B1 ≈ 45 Hz RF strength. Acquisition time Aq = 1 s, and inter scan delay time d1= 3 s are used.
The saturation offset scanned with incremental step of 50 Hz, from up field to down field, while monitoring H1 peak intensity of exo-oxazolidinone. The data, intensity of marked H1 peak in exo-oxazolidinone vs. saturation offset (CEST profile) was plotted for further analysis S10
Possible intermediate probes to detect iminium ion in the system
S 13: possible equilibria in the reaction system between the intermediates
In principle it is possible to observe the decreased intensity in CEST on saturation of H1 proton of iminium ion (≈ 9 ppm) in all three intermediates exo-, endo-oxazolidinone and enamine. Since all these three intermediates exchanges with iminium ion as shown in figure S13 . However at room temperature due to very less concentration of iminium ion even in presence of DPU, it could not be detected in CEST. On decrease in temperature to stabilize iminium ion, the exchange of iminium ion with enamine freezes and iminium ion exchange happens only with oxazolidinones. Therefore at low temperature the saturation effect on iminium ion can be observed only in oxazolidinone. Further it was observed that at 250 K, the slow exchange regime is achieved only for exo ↔ Z-iminium ion, which is necessary condition in CEST experiment.
S11
Bloch-McConnell equations for two site exchange S 14:
Two side exchange equilibrium between Z-iminium ion and exo-oxazolidinone.
For our two site exchange system, here between exo-oxazolidinone and Z-iminium ion, the equations are
Here, , , and , , are magnetization of exo-oxazolidinone and iminium ion. T2exo and T2im are spin-spin relaxation times for H1 proton of exo-oxazolidinone and iminium ion.
T1exo and T1im are spin-lattice relaxation times for H1 proton of exo-oxazolidinone and iminium ion.
S12
CEST spectra (profile) simulation details
CEST spectra are simulated using numerical solutions of above Bloch-McConnell equations. Simulations are carried out in MATLAB as described in earlier reports. [1] [2] [3] The used initial input parameters are M0exo, M0im, ω1, T1exo, T1imi and kZ/exo.
Here, M0exo, is initial magnetization of exo oxazolidinone at equilibrium;
M0imi, is initial magnetization of Z-Iminium ion at equilibrium; ω1 is strength of RF saturation in Hz ;
T1exo and T1imi are longitudinal relaxations of chosen proton in exo-oxazolidinone and Z-iminium ion respectively; kZ/exo is rate of ring closing from Z-iminium to exo-oxazolidinone.
In all simulated spectra, we used M0exo = 1 and ω1= 45 Hz. The T1exo values are experimentally obtained by inversion recovery experiment while saturating at 9.12 ppm. M0imi and kz/exo are varied to match simulation spectra with that of experimental data via multi parameter optimization. 
Details of theoretical calculations Extrapolation procedure
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